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Experimental 

Crystal data 

[Ni(C 5 HF 6 0 2 ) 2 (C 12 H 9 BrN 2 )] 

M, = 733.95 

Monoclinic, Clj^c 

a = 31.251 (8) A 

b = 10.006 (3) A 

c = 17.653 (5) A 

B = 103.952 (5)° 

Data collection 

Bruker SMART CCD area-detector 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 1997) 
T min = 0.628, T m „ = 0.784 



Refinement 

R[F 2 > 2a(F 2 )] = 0.054 

W R(F 2 ) = 0.132 

5 = 0.91 

5988 reflections 



V = 5358 (2) A J 
Z = 8 

Mo Ka radiation 
ii = 2.33 mm~' 
T = 150 K 

0.22 x 0.12 x 0.11 mm 



27645 measured reflections 
5988 independent reflections 
3422 reflections with / > 2a(I) 
R iM = 0.145 



379 parameters 

H-atom parameters constrained 
Ap max = 1.24 e A~ 3 
Apmin = -1.12 e A~ 3 



Received 3 August 2010; accepted 15 February 201 1 

Key indicators: single-crystal X-ray study; T = 1 50 K; mean ct(C-C) = 0.007 A; 
R factor = 0.054; wR factor = 0.132; data-to-parameter ratio = 15.8. 

The title compound, [Ni(C 5 HF 6 0 2 ) 2 (C 12 H 9 BrN 2 )], the Ni 11 
atom exhibits a pseudo-octahedral coordination geometry. 
The structure packs through C— H- ■ -Br interactions, forming 
a hydrogen-bonded ladder. There are also strong hydrogen- 
bonding interactions between two of the O atoms of the /3- 
diketonate ligands and two H atoms on the pyridine ring of the 
Schiff base ligand. 

Related literature 

For related structures, see: Harding, Harding, Sophonrat & 
Adams (2010); Harding, Harding, Tinpun et al (2010); 
Aakeroy et al. (2004, 2005, 2007). For an introduction to 
crystal engineering, see: Braga et al. (2002). For details 
concerning the coordination of additional ligands to f3- 
diketonate complexes, see: Chassot & Emmenegger (1996); 
Emmenegger et al. (2001). For a description of the Cambridge 
Structural database, see: Allen et al. (2002). 
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Table 1 

Selected bond lengths (A). 

Nil-03 2.020 (3) Nil-N2 2.063 (3) 

Nil-04 2.044 (3) Nil-Ol 2.066 (3) 

Nil-02 2.045 (3) Nil-Nl 2.113 (4) 



Table 2 

Hydrogen-bond geometry (A, °). 



D-H-A 


D-H 


H- ■ A 


D-A 


D-H-A 


C6-H6-Brl' 


0.95 


3.02 


3.870 (3) 


151 


C2-H2- ■ Brl" 


0.95 


3.02 


3.833 (3) 


145 


C12-H12-01'" 


0.95 


2.53 


3.320 (4) 


140 


C11-H11-04 1 " 


0.95 


2.61 


3.470 (3) 


151 


Symmetry codes: (i) — x - 


4, -y + |- 


-z; (ii) -x + 1, 


-y + \, -z; (iii) 


-x,y. -Z + \. 



Data collection: SMART (Bruker, 1997); cell refinement: SAINT 
(Bruker, 1997); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL and publCIF (Westrip, 2010). 

We thank the Thailand Research Fund (grant No. 
RSA5080007) for funding this research. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: ZB2010). 
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Acta Cryst. (2011). E67, m404-m405 [ doi:10.1107/S1600536811005599 ] 

[4-Bromo-A^(pyridin-2-ylmethyKdene)aniline-ft^A^,A^]bis(14?l?5,5,5-hexafluoropentane-2,4-di- 
onato-ft^OOnickeKII) 

P. Harding, D. J. Harding, N. Soponrat and H. Adams 
Comment 

Metal P-diketonates represent an important class of complexes and are much studied owing to their ease of synthesis, ready 
modification and multiple applications. In the case of divalent metal ions, the [M(P-diketonate)2] complexes are able to 
coordinate additional ligands forming either cis- or ?ra/w-octahedral metal complexes (Chassot & Emmenegger, 1996; Em- 
menegger et al., 2001). Of particular relevence to this paper is the use metal P-diketonates complexes in the preparation 
of crystal engineered networks (Braga et al, 2002) and while hydrogen bonded ^ra/w-isomers are well represented few 
compounds containing cw-isomers are described (Aakeroy et al. , 2004, 2005, 2007). In this paper we describe the synthesis 

Rr Rr 

and structure of [Ni(hfac)2(ppa )] (hfac = l,l,l,5,5,5-hexafluoropentane-2,4-dionato; ppa = (4-bromo-phenyl)pyridin- 
2-ylmethylene amine). 

Br Br 

[Ni(hfac)2(H20)2] reacts readily with ppa to give [Ni(hfac)2(ppa )] 1 which recrystallizes from CH2Ci2/«-hexane 
to give yellow crystals in the space group C2/c (Figure 1). This contrasts markedly with the analogous cobalt compound 
which crystallizes in PI (Harding, Harding, Sophonrat and Adams, 2010). The nickel metal centre is /weM<io-octahedral 

Br 

with a c/s-arrangement enforced by the chelating ppa ligand. The Ni — O and Ni — N bond lengths are typical of values 
reported for other nickel hfac and diimine complexes reported in the CSD (mean Ni — O distance = 2.01 A, Ni — N distance 
= 2.11 A, Allen, 2002). The P-diketonate ligands exhibit a bent coordination mode in which the angles between the planes 
defined by the Ni and oxygen atoms and the carbon and oxygen atoms of the P-diketonate ligand are 11.0° and 26.8°. In 
contrast, in ?ra«5-[M(hfac)2(py-CH=CH — C6F4Br)2] (M— Co, Cu) the P-diketonate ligands exhibit a planar coordination 
mode (Aakeroy et al, 2007). In addition, the phenyl ring is twisted with to the pyridylimine unit by 30.0° a little greater 
than the angle observed in [Ni(dbm) 2 (ppa X )] (X= Me 22.9°, CI 24.0°, Harding, Harding, Tinpun et al, 2010). 

The packing in the structure is composed of two sets of interactions. The first set is involves a series of C — H-Br 
interactions (H6- -Br 3.015 (3) A, H2 - Br 3.017 (3) A) forming a hydrogen bonding ladder (Figure 2). The second interaction 
involves a strong hydrogen bonding interactions between two of the oxygen atoms of the P-diketonate ligands and two 

hydrogen atoms on the pyridyl ring of the ppa Br ligand (OT-H12 2.532 (4) A, 04-H11 2.610 (3) A) forming a dimer 

Rr 

(Figure 3). In contrast, the cobalt analogue has extensive n— n interactions and interactions between the Br atom on the ppa 
ligand and the P-diketonate ligand (Harding, Harding, Sophonrat and Adams, 2010). 

Experimental 

Br 

To a green solution of [Ni(hfac)2(H20)2] (0.128 g, 0.25 mmol) in CH2CI2 (10 ml) was added a solution of ppa (0.065 g, 
0.25 mmol) in CH2CI2 (3 ml). The orange solution was stirred overnight then concentrated in vacuo. «-Hexane (10 ml) was 
added to precipitate a yellow brown solid which was washed with «-hexane (2x5 ml) and dried in vacuo yielding a deep 
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yellow solid (0.096 g, 52%). Found: C 36.2, H 1.7, N 3.9. Calc. forC^HnBrF^NiO^ C 36.0, H 1.5, N 3.8%. mlz (ESI) 
527 [M-hfac"] + . n max (KBr)/cm~ 1 1651 (n c =o). l m ax(CH 2 Cl2)/nm (log e/AfW 1 ) 319 (4.46), 342 (4.34). Mpt. 156 °C. 

Refinement 

Hydrogen atoms were placed geometrically and refined with a riding model and with U iso constrained to be 1 .2 (aromatic 
CH) times U e n of the carrier atom. 



Figures 




Fig. 1. The molecular structure of (1) showing the atom-labelling scheme. Displacement el- 
. lipsoids are drawn at the 50% probability level. 



Fig. 2. The molecular packing in (1) showing the C — H-Br interactions between neighbour- 

Rr 

ing ppa ligands. Only selected atoms are labelled for clairty. [Symmetry codes: (i) x, -1 + y, 
z; (ii)x, 1 +y,z; (iii) 1/2 - x, 1/2 -y, -z; (iv) 1/2 - x, 3/2 -y, -z; (v) 1/2 - x, 5/2 - y, -z]. 



Fig. 3. The molecular packing in (1) showing the O - H interactions between the oxygen 

Rr 

atoms of the |3-diketonate ligands and the two hydrogen of the ppa ligand. Only selected 
atoms are labelled for clairty. [Symmetry codes: (i) -x, y, 1/2 - z]. 

[4-Bromo-iV-(pyridin-2-ylmethylidene)aniline- k iV,iV']bis(1 ,1 ,1 ,5,5,5-hexafluoropentane-2,4-dionato- 
K 2 0,0')nickel(ll) 




Crystal data 

[Ni(C 5 HF 6 0 2 ) 2 (C 12 H 9 BrN 2 )] 

M r = 733.95 

Monoclinic, C2/c 

Hall symbol: -C2yc 

a = 31.251 (8) A 

b= 10.006 (3) A 

c= 17.653 (5) A 

(3= 103.952 (5)° 

K=5358 (2) A 3 

Z=8 



^(000) = 2880 

D x = 1.820 MgnT 3 

Melting point: 429 K 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 3767 reflections 

6 = 2.4-24.9° 

(i = 2.33 mm 1 

T= 150 K 

Block, brown 

0.22 x 0.12 x 0.11 mm 
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Data collection 



Bruker SMART CCD area-detector 
diffractometer 

Radiation source: fine-focus sealed tube 
graphite 

Detector resolution: 100 pixels mm" 1 
cp and co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 1997) 
r min = 0.628, T max = 0.784 
27645 measured reflections 



5988 independent reflections 

3422 reflections with I > 20(7) 
*int = 0.145 

^max — 27.5 , 0 m j n — 1.3 

h = -39^40 
£ = -12—12 
/= -22^22 



Refinement 

Refinement on F 
Least-squares matrix: full 
R[F 2 > 20CF 2 )] = 0.054 
wR(F 2 ) = 0.132 
5 = 0.91 

5988 reflections 
379 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = l/[o 2 (F 0 2 ) + (0.0546P) 2 ] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max < 0.001 

Ap m ax= 1.24 eA -3 
Ap m i„ = -1.12eA~ 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

2 2 
Refinement. Refinement of F against ALL reflections. The weighted ic-factor wR and goodness of fit S are based on F , convention- 
al ic-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > <s(F 2 ) is used only for calculating R- 
factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 

X y z t/iso*/t/eq 



Nil 0.089498 (18) 0.60018 (5) 0.17271 (3) 0.01947(16) 

Brl 0.279804 (16) 0.50379 (5) -0.01356 (3) 0.03493 (16) 

Nl 0.10544 (11) 0.4874 (3) 0.0821 (2) 0.0180 (8) 

N2 0.03045 (12) 0.5037(3) 0.1283 (2) 0.0193 (8) 

Ol 0.06741 (10) 0.7013 (3) 0.25796 (16) 0.0227 (7) 
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0.0395 (8) 


F12 


0.14753 (11) 


0.1857 (3) 


0.26264(18) 


0.0522 (9) 
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Atomic displacement parameters (A 2 ) 





U 


U 


U 


u 


U 


U 


Nil 


a mnn /t\ 

0.0209 (3) 


a Aim n\ 

0.0193 (3) 


0.0168 (3) 


A AATA /T~\ 

-0.0020 (2) 


A AA 1 A /T\ 

0.0019 (2) 


A AAAT /T~\ 

-0.0002 (2) 


Brl 


a rnod /t \ 

0.0284 (3) 


A AT 1 /T \ 

0.0261 (3) 


A A C CA / A \ 

0.0550 (4) 


A AAA "7 ZO\ 

-0.0007 (2) 


A A 1 AO /T \ 

0.0192 (3) 


A AAAT" / O \ 

-0.0007 (2) 


Nl 


0.0176 (19) 


A A 1 O / 1 A\ 

0.0186 (19) 


A AOA /O \ 

0.020 (2) 


A AA 11 f-\C\ 

0.0011 (15) 


A AAOT" ( 1 f \ 

0.0087 (16) 


A AA 1 A f-\ E\ 

0.0019 (15) 


N2 


0.019 (2) 


A A1AO / 1 C>\ 

0.0198 (18) 


A A 1 "7 1 / 1 n\ 

0.0171 (19) 


A AAO O / 1 C\ 

0.0022 (15) 


A AAAT / 1 r\ 

0.0002 (16) 


A A A 1 A / 1 C\ 

0.0014 (15) 


ai 
01 


0.0265 (1 /) 


A ATT /I /1 T\ 

0.0234 (17) 


A A 1 O 1 / 1 /C\ 

0.0181 (16) 


A AA A 1 /I 1\ 

-0.0041 (13) 


A AA CI / 1 A \ 

0.0051 (14) 


A AAT T /I 7\ 

-0.0022 (13) 


02 


A A 0 /"A SI 0"\ 

0.0269 (17) 


A ATTA / 1 

0.0229 (16) 


A A 1 OT ( 1 C\ 

0.0123 (15) 


A AA 10 ( 1 T \ 

-0.0012 (13) 


A AACO ( 1 A \ 

0.0052 (14) 


A AAAT /I O \ 

0.0002 (12) 


03 


A AOAO 1 1 "7\ 

0.0202 (17) 


A AO O A -7\ 

0.0289 (17) 


A AO A O / 1 "7\ 

0.0248 (17) 


A AA A A / 1 /I \ 

-0.0049 (14) 


A A A 1 A ( 1 C\ 

0.0014 (15) 


A AA 1 C / 1 A \ 

-0.0015 (14) 


04 


r\ atta /1 t\ 

0.0239 (17) 


a at c A /1 /;^ 

0.0250 (16) 


AA1T/1 ("1 ^ 

0.0134 (15) 


A AAAT / 1 T\ 

-0.0003 (13) 


A AAA 1 /1 A\ 

0.0001 (14) 


A AAT A /I 1\ 

0.0030 (13) 


CI 


A AH /T \ 

0.023 (3) 


0.026 (2) 


A AT O /T \ 

0.028 (3) 


A AAT /T\ 

0.003 (2) 


A AAA 

0.000 (2) 


A AA 1 /T\ 

0.001 (2) 


C2 


0.021 (3) 


A AO £" ZO\ 

0.025 (3) 


0.055 (4) 


A AAT / O \ 

0.002 (2) 


A A 1 A /O \ 

0.019 (2) 


A AAA / O \ 

0.000 (2) 


C3 


a at /i /T \ 

0.024 (3) 


A A 1 O 

0.018 (2) 


A A A 1 n\ 

0.041 (3) 


A A A in / 1 o\ 

-0.0019 (18) 


A A 1 T /T\ 

0.013 (2) 


A AAA /T\ 

0.000 (2) 


C4 


0.020 (2) 


A ATA /T\ 

0.020 (2) 


A A 1 A /T~\ 

0.019 (2) 


A A A 1 T / 1 CA 

-0.0013 (18) 


A A A C /T\ 

0.005 (2) 


A AAA 1 /1 0~\ 

0.0001 (18) 


C5 


A AT 1 /0 \ 

0.031 (3) 


A ATT /T\ 
0.023 (2) 


A AT A /T~\ 
0.024 (2) 


A AAA /T\ 

0.000 (2) 


A AAO /T~\ 
0.008 (2) 


A AAT /T\ 

-0.002 (2) 


C6 


0.019 (2) 


A AO C 1" O \ 

0.025 (2) 


A AO O /"I \ 

0.032 (3) 


A AA IO ( 1 A\ 

-0.0018 (19) 


A A 1 r /o \ 

0.016 (2) 


A AAO / O \ 

0.002 (2) 


C7 


A AT O n\ 

0.028 (3) 


A A1 C 

0.016 (2) 


A A 1 A /T\ 

0.019 (2) 


A AA 1 C /I n\ 

0.0015 (19) 


A AAA /T\ 

0.000 (2) 


A A A 1 T /I 0\ 

0.0013 (18) 


C8 


0.016 (2) 


A AT 1 

0.021 (2) 


A A 1 /I /T\ 

0.014 (2) 


A AAT T H 0\ 

0.0027 (18) 


A AA/CT / 1 CA 

0.0062 (18) 


0.0056 (18) 


C9 


A ATA /O \ 

0.030 (3) 


A A 1 A 1 O \ 

0.019 (2) 


A AOO ZO\ 

0.023 (2) 


A AA /IT / 1 A\ 

-0.0042 (19) 


A AA 1 /O \ 

-0.001 (2) 


A AA IO ( 1 A\ 

-0.0012 (19) 


CIO 


a at a /t \ 

0.020 (3) 


A AT C /I \ 

0.035 (3) 


A AO 1 /O \ 

0.023 (3) 


A AAO / O \ 

-0.008 (2) 


A A AC / O \ 

0.005 (2) 


A AA 1 /' O \ 

-0.001 (2) 


Cll 


A AT I /T \ 

0.023 (3) 


A AT O /T \ 

0.038 (3) 


A AOA /T\ 

0.020 (2) 


A AA 1 ZO\ 

-0.001 (2) 


A A A -7 /OA 

0.007 (2) 


A AAO ZO\ 

0.002 (2) 


1 t 

C12 


a AT T /t \ 

0.022 (3) 


A AT*7 /T\ 

0.02 / (2) 


A A 1 *7 /T\ 

0.01 / (2) 


A AA C £ ( 1 fl\ 

0.0056 (19) 


A AAT 

0.003 (2) 


A A A 11 ("1 0\ 

0.0011 (18) 


C13 


A AOA /O \ 

0.029 (3) 


A AO A ZO\ 

0.024 (2) 


A A 1 "7 /O \ 

0.017 (2) 


A AAf /' O \ 

-0.005 (2) 


A AAT /T\ 

0.003 (2) 


A AAT T ( 1 A\ 

-0.0033 (19) 


C14 


A A /| A \ 

0.049 (3) 


A AO "7 1") \ 

0.027 (3) 


A AO A /O \ 

0.024 (3) 


A A 1 O / O \ 

-0.012 (2) 


A A 1 O /T \ 

0.012 (3) 


A AAf / O \ 

-0.005 (2) 


C15 


A AO 1 /T \ 

0.031 (3) 


A AOA ZO\ 

0.020 (2) 


A AO C /O \ 

0.025 (3) 


A AA 10/1 A\ 

-0.0018 (19) 


A AAA /T\ 

0.009 (2) 


A AAT T / 1 A\ 

-0.0032 (19) 


C16 


A AT C /T ^ 

0.025 (3) 


A A 1 A /T\ 

0.019 (2) 


A ATT 

0.023 (2) 


A AAT C / 1 0 \ 

-0.0035 (lo) 


A AAT /1\ 

-0.003 (2) 


A AAT C / 1 A\ 

0.0025 (lv) 


C17 


A AT /I /O \ 

0.034 (3) 


A AT A /T\ 

0.024 (2) 


A AT C /T ^ 

0.026 (3) 


A AA 1 /T\ 

-0.001 (2) 


A AAA 

0.009 (2) 


A AA 1 /T\ 

0.001 (2) 


Cls 


a not /I \ 
0.025 (3) 


A ATA /T\ 

0.029 (3) 


A A 1 C /T\ 

0.015 (2) 


A A A C /T^ 

-0.005 (2) 


A AA*7 /T\ 

0.007 (2) 


A AA 1 T / 1 A\ 

-0.0012 (19) 


C19 


A ATA /O \ 

0.030 (3) 


A A/1 /I /T\ 

0.044 (3) 


A A A ti t A\ 

0.046 (4) 


A A1 1 /T\ 

-0.011 (3) 


A AAT /T\ 

0.003 (3) 


A AAC 

0.005 (3) 


/~<T A 

C20 


A AOA 

0.020 (2) 


A AT A /T\ 

0.034 (3) 


A ATT /T \ 

0.027 (3) 


A AA 1 /T\ 

0.001 (2) 


A AAA /T\ 

0.000 (2) 


A AAT 

0.002 (2) 


/—it 1 
C21 


0.026 (3) 


A AT/; /T\ 

0.026 (2) 


0.016 (2) 


A AAT /'T^ 

0.002 (2) 


A AAT /T\ 

0.002 (2) 


A AA A C f 1 A\ 

-0.0045 (19) 


PIT 

C22 


A AH /T\ 

0.023 (3) 


A AT T /T\ 

0.033 (3) 


A ATA n\ 

0.030 (3) 


A AA 1 /T\ 

0.001 (2) 


A AAO /T~\ 

0.008 (2) 


A AAT /T~\ 

0.003 (2) 


r 1 


A A/C /I /T~\ 

0.064 (2) 


A AC 1 /T\ 

0.051 (2) 


A atc n\ 

0.075 (3) 


A AATA /1 T^ 

0.0070 (17) 


A A A T /T~\ 

0.042 (2) 


A AT OA /1 0\ 

0.0280 (18) 


T7T 
f 2 


A AC A /T\ 

0.05V (2) 


A A A 1 C / 1 n\ 

0.04 /5 (19) 


A ATT 1 /I £\ 

0.02/1 (16) 


A AACT / 1 

-0.0053 (15) 


A AA/CA /1 £i\ 

-0.0060 (16) 


A A1 CI /"1 A\ 

0.0152 (14) 


F3 


A 1 A A /O \ 

0.100 (3) 


A AO 1 A f-\E\ 

0.0219 (15) 


A AT A A ( 1 "7\ 

0.0304 (17) 


AA1TT f 1 f\ 

-0.0123 (16) 


A All/" /10\ 

0.0116 (18) 


A A A IO ( 1 T \ 

0.0018 (13) 


F4 


A A T7 /"I \ 

0.077 (3) 


a y /o\ 

0.076 (2) 


0.058 (2) 


A AOA /"O \ 

-0.030 (2) 


A A A r /"O \ 

0.045 (2) 


A AO ^O / 1 A\ 

-0.0352 (19) 


F5 


0.158(4) 


0.0290 (18) 


0.0383 (19) 


-0.0167 (19) 


0.052 (2) 


-0.0129 (14) 


F6 


0.086 (3) 


0.113 (3) 


0.0216(17) 


0.031 (2) 


-0.0094 (19) 


-0.0215 (19) 


F7 


0.050 (2) 


0.066 (2) 


0.056 (2) 


-0.0321 (17) 


0.0068 (18) 


0.0199(18) 


F8 


0.081 (3) 


0.090 (3) 


0.069 (3) 


-0.051 (2) 


0.022 (2) 


-0.045 (2) 


F9 


0.0247 (18) 


0.076 (3) 


0.136 (4) 


-0.0113 (18) 


-0.004 (2) 


0.041 (3) 


F10 


0.046 (2) 


0.054 (2) 


0.072 (2) 


0.0198(15) 


0.0331 (19) 


0.0345 (17) 


Fll 


0.0330 (16) 


0.0378 (16) 


0.0419(18) 


0.0070 (13) 


-0.0021 (15) 


0.0108(13) 


F12 


0.068 (2) 


0.0274(16) 


0.050 (2) 


0.0015 (15) 


-0.0074 (18) 


-0.0033 (15) 
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Geometric parameters (A, °) 



Nil — 03 


2.020 (3) 


C9 — H9 


0.9500 


Nil — 04 


2.044 (3) 


CIO — Cll 


1.372 (6) 


Nil — 02 


2.045 (3) 


CIO — H10 


0.9500 


Nil — N2 


2.063 (3) 


Cll — C12 


1.393 (6) 


Nil — Ol 


2.066 (3) 


Cll — Hll 


0.9500 


Nil — Nl 


2.113 (4) 


C12 — H12 


0.9500 


Brl— CI 


1.897 (5) 


C13— C15 


1.394 (6) 


Nl— C7 


1.291 (5) 


C13— C14 


1.531 (7) 


Nl — C4 


1.426 (6) 


C14— F5 


1 .304 (5) 


N2 — C12 


1.332 (6) 


C14 — F6 


1.317 (6) 


N2 — C8 


1.358 (5) 


C14 — F4 


1.332 (6) 


Ol— C13 


1.258 (5) 


C15— C16 


1.399 (6) 


02 — CI 6 


1.255 (5) 


C15 — H15 


0.9500 


03 — C18 


1.253 (5) 


C16 — C17 


1.538 (6) 


04 — C21 


1.265 (5) 


CI 7— F2 


1.326 (5) 


CI — C6 


1.376 (6) 


C17 — F3 


1.327 (5) 


CI — C2 


1.393 (6) 


C17 — Fl 


1 .334 (6) 


C2 — C3 


1.379 (6) 


CI 8 — C20 


1 .394 (6) 


C2 — H2 


0.9500 


C18 — C19 


1.517 (7) 


C3— C4 


1.388 (6) 


C19 — F7 


1.313 (6) 


C3— H3 


0.9500 


CI 9— F9 


1.325 (6) 


C4— C5 


1.396 (6) 


C19— F8 


1.331 (7) 


C5— C6 


1.386 (6) 


C20— C21 


1.397 (6) 


C5— H5 


0.9500 


C20— H20 


0.9500 


C6— H6 


0.9500 


C21— C22 


1.529 (6) 


C7— C8 


1.456 (6) 


C22— F10 


1.330 (6) 


C7— H7 


0.9500 


C22— F12 


1.333 (5) 


C8— C9 


1.384 (6) 


C22— Fll 


1.333 (5) 


C9— CIO 


1.390 (7) 






03 — Nil — 04 


89.27 (12) 


Cll — CIO — C9 


118.7 (4) 


03— Nil— 02 


84.55 (12) 


Cll— CIO— H10 


120.7 


04 — Nil — 02 


173.82 (12) 


C9— CIO— H10 


120.7 


03 — Nil — N2 


177.27 (13) 


CIO — Cll — C12 


119.8 (5) 


04 — Nil — N2 


89.36 (12) 


CIO— Cll— Hll 


120.1 


02 — Nil — N2 


96.80 (12) 


C12 — Cll — Hll 


120.1 


03 — Nil — Ol 


87.79 (12) 


N2 — C12 — Cll 


121.9 (4) 


04 — Nil — Ol 


91.93 (12) 


N2 — C12 — H12 


119.1 


02 — Nil — Ol 


87.99 (12) 


Cll — C12 — H12 


119.1 


N2— Nil— Ol 


94.62 (13) 


Ol— C13— C15 


128.3 (4) 


03— Nil— Nl 


98.24(13) 


Ol— C13— C14 


114.1 (4) 


04— Nil— Nl 


87.91 (12) 


C15— C13— C14 


117.7(4) 


02— Nil— Nl 


92.82 (12) 


F5— CI 4— F6 


108.1 (4) 


N2— Nil— Nl 


79.35 (14) 


F5— CI 4— F4 


106.8 (5) 


Ol— Nil— Nl 


173.97 (13) 


F6— CI 4— F4 


104.4 (4) 


C7— Nl— C4 


120.1 (4) 


F5— CI 4— C13 


114.9 (4) 


C7— Nl— Nil 


111.8 (3) 


F6— C14— C13 


111.0(4) 
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P/1 XT1 "\Ti 1 

C4 — N 1 — Nil 


12 /.9 (3) 


xti pq 
C 1 2 — JN 2 — Co 


1 1 o <c r a\ 
11 o.o (4) 


C12 — N2 — Nil 


12 /.o (3) 


pq MO "\Ti1 

Co — N2 — Nil 


1 13.2 (3 ) 


n ■} p. i xt; i 

C13 — Ul — Nil 


121.0 (3) 


p 1 £ p.i "\Ti 1 
C 1 0 — C*2 — N 1 1 


I'll 1 /"3\ 

ill. 1 (i ) 


pi c p.i Mi 1 
CIS — U3 — Nil 


120. J (J j 


pi 1 p. /i "\k 1 
C21 — U4 Nil 


124.U (3) 


p/: p 1 pi 
Co — C 1 C2 


111 c /"c\ 
121. D (D) 


P£ ( ' 1 D — 1 

Co — CI — rSrl 


1 i n i n\ 

i iy.2 (5 ) 


pi pi d .- 1 
C2 — CI — Brl 


i in i /'>\ 

11V.2 (3) 


pi pi pi 
C3 — C2 — C 1 


1 1 O ft (A\ 

iio.y (4) 


PI PI Ul 

C3 — C2 — H2 


12U.D 


P1 PI Ul 

CI — C2 — H2 


1 1/1 c 

12U.D 


pi pi p/i 
C2 — Co — C4 


12U. / (4) 


pi pi in 
C2 — C3 — H3 


11/17 

119. / 


p^i pi in 
C4 — C3 — H3 


1 1 n "7 

ny. / 


pi p^i pc 
C3 — C4 CD 


1 1 fl A {A \ 

119.4 (4) 


pi p/i \T i 

C3 — C4 N 1 


ILL A y\ ) 


PC A Ml 

CD — C4 N 1 


1 i o 1 i A \ 

11 0.2 (4) 


p/: pc p^i 
Co — CD — C4 


1 1 A C { A\ 

12U.D (4) 


p*; pc uc 
Co — CD — HD 


1 1 Q Q 

ny.o 


p/i r*c uc 
C4 — CD — HD 


11/1 o 

ny.o 


pi p/: pc 
CI — Co — CD 


i i n a i a \ 
liy.U (4) 


pi p/; \j£ 
CI — Co — Ho 


1 i/i £ 
12U.D 


pc p/: t_t/: 
CD — Co — Ho 


1 in c 
12U.D 


\r1 P"7 PQ 

Nl — C/ — Co 


1 1(1 c f A \ 

ny.D (4) 


\r1 P"7 m 

N 1 — C / — H 1 


1 in i 
12U.3 


pq pi in 
Co — C / — H 1 


1 in i 
12U.3 


N2— C8— C9 


122.1 (4) 


N2— C8— C7 


114.9 (4) 


C9— C8— C7 


123.0 (4) 


C8— C9— CIO 


119.0(4) 


C8— C9— H9 


120.5 


CIO— C9— H9 


120.5 



T7/1 P 1 /I n 1 

r 4 C 1 4 C 1 3 


lll.U (4) 


C 1 3 — C 1 D — C 1 o 


121. o (4) 


pk UK 

C 1 3 — C 1 D — H 1 D 


i iy.i 


p 1 /: uk 
Clo — C1D — HID 


1 1 Ci 1 

i iy.1 


p.1 p 1 /: pi c 
U2 — C 1 0 — C 1 D 


1 TO A (A \ 

Izy.U (4) 


p.i n ^ pi *7 
UL — Clo — CI / 


inn ( A\ 

i iz. y (4j 


pk pk pn 
C 1 D — C 1 0 — C 1 / 


110 1 ( A\ 

llo.l (4J 


T7i rn Tii 
rl — CI / — r3 


1 A/i O (A \ 

lUo.o (4) 


T7i rn T7 1 
r 2 — C 1 / — r 1 


lUo.U (4) 


r 3 — C 1 / — r 1 


1U/.4 (4j 


fi pi n pi & 
r 2 — C 1 / — C 1 o 


111 C\ ( A\ 

1 1 l.U (4J 


T71 rn pi/: 

r 3 — C 1 / — C 1 0 


\ \ A 1 fA\ 

114. / (4) 


r 1 — CI / — Clo 


IIU.j (4) 


r\i no nn 
U3 — C 1 0 — C2U 


12 /.0 (4J 


r*ii no fin 

U3 — c i o — c i y 


1 12. y (4) 


nn no rin 

C2U — C 1 0 — c i y 


ny.D (4) 


r 1 — c i y — r y 


1 A*7 C 
1U/.J p) 


r / — C 1 y — r o 


1 o fz\ 
lUo.o p J 


T7n PI (1 TTO 

r y — c i y — r o 


1 f\£. 1 

lUo.l 


TTi pin n o 
r / — c i y — C 1 0 


no n 
112. / (4) 


r y — C i y — C 1 0 


1111 fA\ 

113.3 (4J 


r o — C 1 9 — C 1 o 


lift A /C\ 

11U.U ( j) 


t ■ i o pin pi 1 
C 1 0 — C2U — C2 1 


122. o (4 J 


pio pin Tjin 
C 1 0 — C2U — H2U 


no t 
1 lo. / 


pn pin uin 
C2 1 — C2U — H2U 


1 lo. / 


p./i pi 1 pin 
U4 — C2 1 — C2U 


12o.4 (4) 


r\A pi 1 pii 
U4 — C2 1 — C22 


1 n n sa\ 

ii2.y (4) 


pin pii P11 
C2U — C2 1 — C22 


no i 
llo. / (4) 


TTin PII T711 

1 10 — C22 — 1 12 


107.4 (4) 


F10— C22— Fll 


107.0 (4) 


F12— C22— Fll 


106.3 (4) 


F10— C22— C21 


111.5 (4) 


F12— C22— C21 


110.5 (4) 


Fll— C22— C21 


113.9 (4) 



Hydrogen-bond geometry (A, °) 

I) I I I /) II II- I D-A D—H -A 

C6— He-Brl* 0.95 3.02 3.870 (3) 151 

C2— H2-Brl ii 0.95 3.02 3.833 (3) 145 

C12— H12-01 Ui 0.95 2.53 3.320 (4) 140 

CI 1— HI 1-04'" 0.95 2.61 3.470 (3) 151 
Symmetry codes: (i) -x+1/2, ->>+3/2, -z; (ii) -x+l/2, -y+U2, -z; (iii) -x,y, -z+1/2. 
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